contrast volume, using nonionic iso-osmolar contrast material, and appropriate hydration. [4] [5] [6] [7] [8] Lower overall contrast volume is associated with less subsequent renal injury. [9] [10] Contrast limits, which denote a threshold below which there is minimal incremental increase in the risk of renal injury, have been described. Whether or not a priori acknowledgement of these limits as part of a contrast "Time-Out" reduces contrast utilization has not been established. In this study, we investigate the effect of verbalizing pre-angiography and ½ time contrast thresholds on contrast utilization and the associated clinical outcomes. April 2015, we employed a pre-angiography contrast "Time-Out", which set the suggested "contrast limit" at three times the creatinine clearance. 11 Part of this protocol also included a verbal reminder when ½ contrast threshold is reached. Two study cohorts were identified based on the pre-and post-initiation of the "Time-Out."
| Procedures and data collection
Patients with pre-procedure eGFR < 30 mL/min/1.73m 2 were provided periprocedural hydration according to institutional guidelines.
This protocol entails normal saline at 100 mL/h, beginning 2 h prior to the procedure and continuing for up to 10 h, or discharge of the patient. This protocol is at the discretion of the physician, and in some cases (eg, decompensated heart failure, markedly elevated left ventricular filling pressure), this protocol is deferred. 
| Outcomes
The primary endpoints of this study were (1) the proportion of procedures that utilized an amount of contrast ≥3 times the CrCl for a particular patient designated as the contrast threshold and (2) the median difference between amount of contrast utilized and the contrast threshold. Secondary endpoints incorporated indices of renal function, including change in serum creatinine, estimated glomerular filtration rate (eGFR), and chronic kidney disease (CKD) stage before and after angiography.
| Statistical analysis
Baseline characteristics for pre-and post-"Time-Out" groups were The primary analyses compared the amount of contrast used to the contrast threshold. First, the proportion of procedures that utilized an amount of contrast less than or equal to the contrast threshold was compared between pre-and post-"Time-Out" cohorts.
Univariate chi-square tests were initially used, and then a multivariable logistic regression was applied to adjust for potential confounders. The multivariable model controlled for all variables (listed in Table 1 ) that were significant at the α = 0.05 significance level in univariate analysis. The number of events (contrast greater than the threshold) was sufficient to allow for inclusion of this large number of covariates. Second, the difference between the amount of contrast utilized and the contrast threshold was presented as median with interquartile range (IQR) and compared by Wilcoxson rank-sum test. Secondary renal outcomes were analyzed using Wilcoxon rank sum tests for continuous outcomes and chi-square tests for categorical outcomes. All tests were evaluated at the type I error level of α = 0.05. All statistical analyses were performed using SAS 9.4 (Cary, NC).
| RESULTS
A total of 4281 individuals (mean age 63 ± 12 years) and 984 individuals (mean age 62 ± 12 years) were identified in the pre-and post-implementation of contrast "Time-Out", respectively. Baseline patient characteristics, including pre-procedure serum creatinine and creatinine clearance were similar between the two cohorts (Table 1) .
Overall, the vast majority of patients had hypertension (81.5%) and dyslipidemia (72.2%); diabetes was present in 38.2% of patients. Of the 1555 patients (29.5%) who were treated with percutaneous coronary intervention (PCI) previously, 97.9% of them were at least 28 days away from the last intervention and only 1.7% had PCI less than 8 days prior. For subset of patients also having post-procedure creatinine data (n = 978 before implementation and n = 136 after implementation of contrast "Time-Out" protocol).
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In the pre-"Time-Out" group, the median contrast threshold was 196 mL (IQR 142-257), and the median contrast volume used was 88 mL (IQR 60-136). In the post-"Time-Out" group, the median contrast threshold was 204 mL (IQR 145-256) and median contrast used was 78 mL (IQR 53-119; Table 2 ). The post-"Time-Out" group demonstrated a higher proportion of procedures that used contrast volume less than or equal to the stated contrast threshold (88% vs 84%, P < 0.002), a lower amount of total contrast volume with a larger median difference between contrast threshold and volume used (108 mL [IQR 49-175] versus 96 mL [IQR 31-163], P < 0.001) ( Table 2 ).
In the multivariable logistic regression analysis, the odds of staying below the contrast threshold was also significantly greater in post-"Time-Out" group (odds ratio = 2.38, 95% confidence interval = [1.50, 3 .80]; P < 0.001).
Among patients for whom a post-procedure serum creatinine was available, any increase in serum creatinine was observed in 45% and 36% of individuals before and after the contrast "Time- (Table 3) .
| DISCUSSION
To the best of our knowledge, this study is the first to demonstrate that pre-procedural acknowledgement of contrast threshold and a time out at ½ the contrast threshold leads to lower amount of contrast used.
Additionally, a lower percentage of any increase in post-procedure serum creatinine level was observed under implementation of the contrast "Time-Out" protocol. Our findings introduce a new, effective strategy to reduce contrast volume, and further support the renalprotective effects of contrast limitation. [13] [14] There have been multiple studies that established high volume to
CrCl ratios (V/CrCl), at different thresholds, is related to poorer overall renal outcomes. Additional strategies to reduce contrast volume have then been reported, including intravascular ultrasound guided angiography. [5] [6] This practice led to as much as a three-fold decrease in mean contrast volume utilization. 6 Renal outcomes in these studies demonstrated that lower contrast volume is key to reducing contrast induced nephropathy in patients, with or without kidney dysfunction, undergoing primary PCI.
To our knowledge, the effect of incorporating suggested contrast limits as part of a contrast "Time-Out" protocol on contrast utilization has not been reported. 
| Study limitations
Our study was conducted in a single center, which may limit the generalizability of the conclusions. Additionally, baseline serum creatinine for admitted patients could potentially be affected by occurrences independent of contrast volume, although we would anticipate these factors were balanced in the comparison groups.
Lastly, the availability and timing of post-procedure serum creatinine collection varied based on inpatient and outpatient settings, which may introduce statistical bias regarding the overall rate of contrast nephropathy within our study cohort.
| CONCLUSION
Implementation of contrast "Time-Out" as part of pre-procedural case review was related to overall lower contrast utilization. If applied broadly, this practice may reduce the occurrence of contrast-induced renal dysfunction.
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